Synthesis of peptides was an arduous task before development of the solid phase method. The solid phase method has facilitated automated peptide synthesis and the development of combinatorial chemistry. It has many advantages compared with classical solution peptide synthesis, but requires a large amount of organic solvents. Disposal of organic solvents is one of many important environmental problems, therefore we decided to perform peptide synthesis in water. To perform synthesis in water, protected amino acids must be water-soluble. We have studied water-soluble N-protecting groups and we developed 2-[phenyl(methyl)sulfonio]ethoxycarbonyl (Pms) 1,2) as a water-soluble N-protecting group. Since the Pms group is an onium salt, it is rather unstable in comparison with N-protecting groups which are in general use (such as t-butoxycarbonyl group, 3) benzyloxycarbonyl group 4) and 9-fluorenylmethoxycarbonyl (Fmoc) group 5) ) for peptide synthesis. Here we report preparation of the ethanesufonylethoxycarbonyl (Esc) group and its application to peptide synthesis in water.
Synthesis of peptides was an arduous task before development of the solid phase method. The solid phase method has facilitated automated peptide synthesis and the development of combinatorial chemistry. It has many advantages compared with classical solution peptide synthesis, but requires a large amount of organic solvents. Disposal of organic solvents is one of many important environmental problems, therefore we decided to perform peptide synthesis in water. To perform synthesis in water, protected amino acids must be water-soluble. We have studied water-soluble N-protecting groups and we developed 2-[phenyl(methyl)sulfonio]ethoxycarbonyl (Pms) 1, 2) as a water-soluble N-protecting group. Since the Pms group is an onium salt, it is rather unstable in comparison with N-protecting groups which are in general use (such as t-butoxycarbonyl group, 3) benzyloxycarbonyl group 4) and 9-fluorenylmethoxycarbonyl (Fmoc) group 5) ) for peptide synthesis. Here we report preparation of the ethanesufonylethoxycarbonyl (Esc) group and its application to peptide synthesis in water.
Tesser and Balvert-Geers 6) reported the methanesulfonylethoxycarbonyl (Msc) group as a readily removable Nprotecting group by treatment with 0.1 or 0.2 N NaOH solution. This protecting group is hydrophilic rather than hydrophobic. We designed the Esc group (Fig. 1) , expecting it to display both hydrophilic and hydrophobic character (i.e. we expect Esc-amino acids to exhibit reasonable solubility in aqueous and organic solvents). The Esc group was introduced onto amino acids by the reaction of 2-ethanesulfonylethyl chloroformate (Esc-Cl) as shown in Chart 1 (Route 1). 2-Ethanesulfonylethanol was converted to Esc-Cl by treatment with phosgene (prepared from triphosgene) 7) in dichloromethane. Since Esc-Cl was labile and decomposed during purification, it was used without purification for the next acylating reaction. Esc-Cl, H-Phe-OH and triethylamine were allowed to react in aqueous 50% acetonitrile to give Esc-Phe-OH. HPLC analysis of the crude product exhibited impurities and the product could not be purified by silica gel column chromatography and recrystallization. Pure Esc-Phe-OH was obtained by RP-HPLC purification and the yield was 38%. To improve the reaction yield and purification procedure, another synthetic route (Route 2 in Chart 1) to the Escamino acid was studied. 2-Ethanesulfonylethanol was reacted with 4-nitrophenyl chloroformate to give ethanesulfonylethyl-4-nitrophenyl carbonate (Esc-ONp). The crude EscONp was stable and could be purified by silica gel column chromatography or recrystallization from a mixture of ether and hexane. The yield was 78%. Other Esc-amino acids (Esc-Leu-OH, Esc-Gly-OH, Esc-Tyr-OH) were also prepared using Esc-ONp and their analytical data are shown in Table  1 . Esc-Gly-OH and Esc-Tyr-OH were soluble in water and Esc-Leu-OH and Esc-Phe-OH were not readily soluble in water. Esc-Leu-OH and Esc-Phe-OH were soluble in aqueous 2% Triton X. To evaluate Esc-amino acids, Leu-enkephalin amide was synthesized by the solid phase method in water using Esc-amino acids. For solid phase synthesis in water, a resin which swells appreciably well in water is necessary. Recently, poly(ethylene glycol)-grafted polystyrene resins 8) were developed to increase the swelling ability of the resin in A new N-protecting group, ethanesulfonylethoxycarbonyl (Esc), was designed to perform peptide synthesis in both aqueous and organic solvents. Esc-amino acids were prepared by the reaction of Esc-Cl and amino acids. Although Esc-Cl was a highly reactive reagent, it was not stable and decomposed during the purification procedure. A more stable reagent, ethanesulfonylethyl-4-nitrophenyl carbonate (Esc-ONp), was designed for preparation of Esc-amino acids. Esc-ONp was a stable reagent and could be purified by silica gel column chromatography or recrystallization. Esc-amino acids were prepared by the reaction of Esc-ONp and amino acids in good yield. To evaluate Esc-amino acids, Leu-enkephalin amide was synthesized using Esc-amino acids by the solid phase method in water. Removal of the Esc group was performed with 0.025 mol/l NaOH in 50% aqueous ethanol. Leu-enkephalin amide was successfully synthesized on a poly(ethylene glycol)-grafted polystyrene resin. Esc-amino acids have moderate solubility in organic solvents (such as dimethylformamide and acetonitrile). Leuenkephalin amide was synthesized using Esc-amino acids by the solid phase method in dimethylformamide. Removal of the Esc group was performed with 0.05 mol/l tetrabutylammonium fluoride in dimethylformamide. Synthesis of Leu-enkephalin amide using Esc-amino acids in dimethylformamide was also successful. The yields of synthesis of Leu-enkephalin amide in water and dimethylformamide were 71% and 67%, respectively. various solvents, including water. The present synthesis was performed on the poly(ethylene glycol)-grafted Rink amide polystyrene resin (Rink-PEG amide resin) 9) which was reported to have good swelling ability in water. Coupling reactions were performed with a water-soluble carbodiimide [WSCD, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride] in aqueous 2% Triton X. Triton X increases the solubility of Esc-amino acids and increases the swelling ability of the resin. An additive was used to accelerate coupling reactions. Introduction of Esc-Leu-OH on the resin was performed with WSCD in the presence of N-hydroxy-5-norbornene-2,3-dicarboximide (HONB) 10) for 2 h. The yield of the reaction was satisfactory judging from the Leu-content on the resin. The next coupling reaction (introduction of EscPhe-OH on the H-Leu-Rink-PEG amide resin) was performed under the same conditions, but the reaction was slow. Since by-products which did not contain Phe and Gly were obtained after completing the synthesis of Leu-enkephalin amide, we speculated that introduction of Esc-Phe-OH and the reaction for the removal of the Esc group on Phe were slow. We examined the coupling reaction conditions for introduction of Esc-Phe-OH on the H-Leu-Rink-PEG amide resin and the deprotection conditions for the Esc-Phe-LeuRink-PEG amide resin. First, various additives [HONB, 1-hydroxybenzotriazole (HOBt), 11) 1-hydroxy-7-azabenzotriazole (HOAt), 12) 1-hydroxysuccimide (HOSu) 13) and imidazole] were examined to stimulate the coupling reaction by the WSCD method. Equi-molar additive to Esc-Phe-OH was used. After the reaction, the Esc-group was removed and the resin was hydrolyzed. Phe and Leu content in an acid hydrolysate was analyzed and the yield was calculated from the amino acid ratio of Phe and Leu. Addition of HOBt, HOAt, imidazole and HOSu did not give better results compared with that of HONB. Fujino et al. 10) reported that HONB suppressed a side reaction (N-acylurea formation, C→N rearrangement reaction) of the carbodiimide method. HONB may suppress such side reaction, resulting in a better coupling yield. Addition of HONB gave a satisfactory result and further addition of equi-molar base [diisopropylethylamine (DIEA) or pyridine] to Leu on the resin resulted in the best yield ( Table 2) .
Removal of the Esc group by various base treatments was examined using Esc-Phe-Leu-Rink-PEG amide resin. Because removal of the Esc group on Phe was slower than that of other synthetic Esc-amino acids, Esc-Phe-Leu-Rink-PEG amide resin was preferentially used as the test compound. The resin was treated with aqueous 0.01 mol/l NaOH (3 times, a few minutes each) and washed repeatedly with water, followed by washing with DMF repeatedly. Then the Chart 1. Preparation of Esc-Amino Acids Coupling reaction was performed with WSCD in the presence of an additive in water. Details of the experiments are described in Experimental.
resin was swelled in DMF and reacted in DMF with FmocGly-OH using diisopropylcarbodiimide in the presence of HOBt until the resin gave a negative result in the Kaiser test (ninhydrin test).
14) The resulting resin was treated with 20% piperidine in DMF to remove the Fmoc group, and hydrolyzed. The amino acid ratio of Gly, Phe and Leu in the acid hydrolysate was analyzed and the yield of the deprotection procedure with the Esc-Phe-Leu-Rink-PEG amide resin was calculated. From the results shown in Table 3 , complete removal of the Esc group by treatment with 0.01 mol/l NaOH and 0.025 mol/l NaOH was difficult. Even with 0.05 mol/l NaOH treatment (3 times, 3 or 10 min each), complete removal of Esc group could not be observed. Next, the deprotection reaction was examined in a mixture of water and EtOH. Addition of EtOH accelerated the deprotection reaction and gave satisfactory results. The Esc group of the EscPhe-Leu-Rink-PEG amide resin was removed completely by treatment with 0.025 mol/l NaOH (3 times, 3 min each) in aqueous 50% EtOH. The Esc group was also removable with 2.5% Na 2 CO 3 (3 times, 5 min each) in 50% aqueous EtOH. Considering the results of these coupling and deprotection studies, Leu-enkephalin amide was synthesized in water according to the procedure shown in Table 4 . Synthetic EscTyr-Gly-Gly-Phe-Leu-Rink-PEG amide resin was treated with 0.025 mol/l NaOH in 50% aqueous EtOH to remove Esc group, and then treated with a mixture of trifluoroacetic acid (TFA), thioanisole and ethanedithiol (94/3/3) for 2 h. The resulting Leu-enkephalin amide, H-Tyr-Gly-Gly-Phe-Leu-NH 2 , was purified by HPLC and the HPLC profile is shown in Fig.  2 . The yield of purified Leu-enkephalin amide was 71%.
Since Esc-amino acids also exhibited moderate solubility in organic solvents (such as DMF and acetonitrile), Leuenkephalin amide was synthesized on Rink amide resin using Esc-amino acids in DMF. The Msc group was reported to be highly base labile and we expected that the Esc group was removable with same basic conditions for deprotection of the Fmoc group. Deprotection of the Esc group was performed by treatment with 20% piperidine/DMF for 30 min. After completion of the synthesis, we purified the product by HPLC, but Leu-enkephalin amide was not obtained. During the synthesis, deprotection procedures were checked by the Kaiser test, but the tests did not give clear positive Kaiser test. To validate a deprotection procedure for removal of the Esc group in DMF, the Esc-Phe-Leu-Rink amide resin was treated with various bases in DMF. As described above, removal of the Esc group on Phe with base was slower than that on other synthetic Esc-amino acids; Esc-Phe-Leu-Rink amide resin was preferentially used as the test compound. To compare with the Msc group, Msc-Phe-Leu-Rink amide resin was treated under the same conditions and the results are shown in Table 5 . Fmoc-Leu-Rink amide resin was treated with 20% piperidine/DMF and the resulting resin was coupled with Esc-Phe-OH with diisopropylcarbodiimide/ HOBt to give the Esc-Phe-Leu-Rink amide resin. The resin was treated with various bases [20% piperidine/DMF, 2% 424 Vol. 52, No. 4 Esc-Phe-Leu-Rink-PEG amide resin was treated with various bases in water and the resulting resin was coupled with Fmoc-Gly-OH in DMF. After removal of the Fmoc group, the resin was hydrolyzed. From amino acid analysis of the acid hydrolysate, the deprotection rate of Phe was calculated. Esc-Phe-Leu-Rink amide resin was treated with various bases in DMF and the resulting resin was coupled with Fmoc-Gly-OH in DMF. After removal of Fmoc group, the resin was hydrolyzed. From amino acid analysis of the acid hydrolysate, the deprotection rate of the Esc group from the Phe residue was calculated. 1,8-diazabicyclo [5, 4, 0] undec-7-ene (DBU) 15) and 0.05 mol/l tetrabutylammonium fluoride (TBAF) 16) ] for 20 min to remove the Esc group and then reacted with Fmoc-Gly-OH and with diisopropylcarbodiimide/HOBt in DMF until the resin gave a negative result with the Kaiser test (ninhydrin test).
14)
The resulting resin (Fmoc-Gly-Phe-Leu-Rink amide resin) was treated with 20% piperidine in DMF to remove the Fmoc group, and hydrolyzed. The amino acid ratio of Gly, Phe and Leu in the acid hydrolysate was analyzed and the yield of the deprotection procedure with the Esc-Phe-Leu-Rink amide resin was calculated from the amino acid ratios. Contrary to our expectations, Esc and Msc groups were rather stable to 20% piperidine treatment. Furthermore, Esc and Msc groups could not be removed completely by 2% DBU/DMF treatment for 20 min. Since Wade et al. 15) reported that the Fmoc group was removable by 2% DBU/DMF treatment for 5 min, further study regarding the deprotection of Esc and Msc groups was done. Esc-Phe-OH and Msc-Phe-OH were treated with 2% DBU/DMF and the reaction mixture was examined by HPLC. As shown in Fig. 3 , complete removal of Msc and Esc groups on Phe could not be achieved by 2% DBU/DMF treatment, even after 220 min. The Esc group tended to be more labile to piperidine and DBU treatment when compared with the Msc group. Esc and Msc groups could be removed completely by 0.05 mol/l TBAF/DMF treatment for 5 min.
Leu-enkephalin amide was synthesized using Esc-amino acids on Rink amide resin in DMF according to a procedure shown in Table 6 . Removal of the Esc group was accomplished by 2 consecutive 3 min treatments with 0.05 mol/l TBAF/DMF. Synthetic Esc-Tyr-Gly-Gly-Phe-Leu-Rink amide resin was treated with 0.05 mol/l TBAF/DMF and then treated with a mixture of TFA, thioanisole and ethanedithiol (94/3/3). The resulting crude Leu-enkephalin amide was purified by HPLC and the HPLC profile is shown in Fig. 4A . In addition to the desired product (YGGFL), by-products which were deletion peptides of Phe, Gly and Tyr were detected and the yield of the Leu-enkephalin amide was 23%. As shown in Fig. 4A , the major deletion peptide was YGFL and the area ratio of the YGGFL peak and YGFL peak was 1.00 : 0.81. The Esc group of Esc-Phe-OH was completely removable by 2 consecutive 3 min treatments with 0.05 mol/l TBAF/DMF, but the removal of the Esc-group from the Esc-Phe-Leu-Rink amide resin may be incomplete. Since the by-products were derived from incomplete removal of the Esc group, Leuenkephalin amide was synthesized again employing a longer TBAF treatment step to improve the deprotection procedure. The Esc group was removed by 3 treatments (3 min, 3 min, 10 min) with 0.05 mol/l TBAF/DMF during synthesis and the HPLC profile of synthetic crude Leu-enkephalin is shown in Fig. 4B . The yield of the purified Leu-enkephalin was 67% (calculated from the used resin). The area ratio of the YGGFL peak and YGFL peak was 1.00 : 0.09.
In the preceding papers 1,2) we reported Pms-amino acids as water-soluble N-protected amino acids. They are readily soluble in water, but sparingly soluble in organic solvents. Since Esc-amino acids have moderate solubility in both aqueous and organic solvents, they may be used for coupling reactions in various solvents. Pms-amino acids are onium salts and they are rather unstable, but Esc-amino acids are stable compounds. The Esc group is removable with base and removal of the Esc group in water is accelerated with addition of alcohol. The Esc group was removable completely by treatment with 0.025 mol/l NaOH in aqueous 50% EtOH and removable even with 2.5% Na 2 CO 3 in aqueous 50% EtOH. Removal of Esc and Msc groups in DMF with piperidine and DBU was rather difficult, but were removable with 0.05 mol/l TBAF/DMF. The Esc group will be a useful protecting group in synthesis of peptides and we were successful in synthesizing Leu-enkephalin amide on a resin in both aqueous and organic solvents.
Experimental
RP-HPLC was conducted with a Waters 600 on a DAISOPAK column using gradient systems of CH 3 CN/H 2 O containing 0.05% trifluoroacetic acid. TOF-MS spectra were measured with a Shimadzu/Kratos Kompact MALDI IV mass spectrometer. Synthetic peptides were hydrolyzed with 6 N HCl and amino acid compositions of acid hydrolysates were determined with a Waters Pico · TAG amino acid analyzer. Optical rotations were measured with a JASCO DIP-360 polarimeter.
Melting Points were determined with a Yanagimoto micro-melting point apparatus. Column chromatography was performed on silica gel 60 (BW- 1 H-NMR spectra were recorded with a Bruker 400 MHz spectrometer.
Esc-Phe-OH Prepared through Route 1 in Chart 1 To a solution of 2-ethansulfonylethanol (276 mg, 2.0 mmol) and triphosgen (394 mg, 1.33 mmol) in dichloromethane (30 ml), Et 3 N (0.56 ml, 4.0 mmol) in dichloromethane (20 ml) was added at 0°C and the mixture was stirred at 0°C for 1.5 h. After removal of the solvent in vacuo at 10°C, the residue was dissolved in acetonitrile (15 ml Esc-Phe-OH Prepared through Route 2 in Chart 1 To a solution of Phe (82.5 mg, 0.5 mmol) and Et 3 N (70 ml, 0.5 mmol) in 50% aqueous acetonitrile (30 ml), Esc-ONp (181 mg, 0.6 mmol) in acetonitrile (5 ml) was added and the mixture was stirred overnight at room temperature. After removal of the solvent in vacuo, the residue was dissolved in ethyl acetate. The solution was extracted with 5% NaHCO 3 and the aqueous layer was acidified to pH 3 with 1 N HCl. The mixture was extracted with ethyl acetate and the extract was washed with saturated sodium chloride solution and evaporated in vacuo. The residue was crystallized from ether-hexane. Yield: 128 mg, 78%. The product was identified with Esc-Phe-OH prepared through Route 1 by NMR and MS.
The following Esc-amino acids were prepared according to the procedure described above: Esc-Gly-OH: Yield: 57.0% (colorless solid). 1 
